Introduction {#section1-1533034617735931}
============

Hepatocellular carcinoma (HCC) is one of the most prevalent forms of liver cancer and is also the most common and deadly cancer in the world.^[@bibr1-1533034617735931]^ Although modern researches have made significant progress in the early diagnosis and treatment of HCC, patients with HCC still have unfavorable prognoses. Currently, HCC is identified as the second leading cause of cancer-incurred mortality.^[@bibr2-1533034617735931]^ The morbidity of HCC is closely related to the infection and proliferation of hepatitis C virus (HCV) or hepatitis B virus (HBV).^[@bibr3-1533034617735931],[@bibr4-1533034617735931]^ Apart from that, obesity and heavy alcohol abuse could also increase the risk of HCC.^[@bibr5-1533034617735931],[@bibr6-1533034617735931]^ Some research has shown that diverse epigenetic and genetic alterations might induce hepatocarcinogenesis,^[@bibr7-1533034617735931]^ during which microRNAs (miRNAs) may play a crucial role in the pathogenesis of HCC.^[@bibr8-1533034617735931]^ Previous studies have indicated that miRNAs presented aberrant expressions in HCC, including miR-106b, miR-26a, miR-659, and miR-372, all of which might regulate hepatocarcinogenesis by influencing cell proliferation, metastasis, and apoptosis.^[@bibr9-1533034617735931][@bibr10-1533034617735931]--[@bibr11-1533034617735931]^ The relevant findings suggested that miRNAs participated in HCC pathogenesis. However, the role of miRNAs in HCC has not been yet fully elucidated, and hence, the deregulation of miRNAs in HCC needs to be further investigated.

The miRNAs are highly conserved small and noncoding RNA molecules that can transcriptionally or posttranscriptionally affect gene expression. It has been reported that miRNA alternation and aberrant expression are involved in the initiation and development of almost all of types of cancers including HCC.^[@bibr12-1533034617735931],[@bibr13-1533034617735931]^ The miRNAs have become a research focus, as they not only play essential roles in the diagnosis and treatment of diseases, but synthetic miRNAs resemble small-molecule therapeutics and offer a high degree of specificity at the genetic level.^[@bibr14-1533034617735931]^ The miR-452 is located in human chromosome Xq28 and its aberrant expression is related to malignant biological properties of tumors.^[@bibr15-1533034617735931]^ For example, the overexpression of miR-452 promotes tumorigenesis of HCC and^[@bibr8-1533034617735931]^ inhibits metastasis of non-small-cell lung cancer (NSCLC)^[@bibr16-1533034617735931]^ and tumorigenesis of gliomas.^[@bibr17-1533034617735931]^ However, it remains unclear whether the expression of miR-452 is associated with the regulation of HCC cell proliferation, migration, and other tumor biological characteristics. It is the discovery of miRNAs and their downstream signaling pathways related to the proliferation and invasion of HCC and its prognostic significance that might provide a framework for better understanding the pathogenesis of the disease and offer more efficient clinical treatments.^[@bibr14-1533034617735931]^

Cytoplasmic polyadenylation element binding protein 3 (CPEB3) regulates translation by modulating cytoplasmic polyadenylation.^[@bibr18-1533034617735931]^ The CPEB3 with aberrant expression has been found in several tumors. For example, Hansen et al revealed that CPEB3 was downregulated in cervical cancer,^[@bibr19-1533034617735931]^ and a microarray analysis conducted by D'Ambrogio et al suggested that the CPEB3 expression level declined in HCC tissues compared with normal adjacent tissues.^[@bibr20-1533034617735931]^ Furthermore, Zou et al demonstrated that miR-107 could promote tumor progression by targeting the CPEB3/estimated glomerular filtration rate (EGFR) axis.^[@bibr21-1533034617735931]^ Although several studies have conducted certain research on CPEB3, few studies lay stress on the role of CPEB3 in HCC. From the databases of TargetScan, we found that CPEB3 has the binding site of miR-452, and thus, we hypothesized that there might exist an association among miR-452, CPEB3, and HCC.

In this study, we examined the expression levels of miR-452 and CPEB3 in HCC tissues and cell lines and analyzed the influence of the aberrantly expressed miR-452 on the proliferation and migration of HCC cells by targeting the CPEB3/EGFR axis. Our study aimed to investigate the clinical significance of miR-452 in the clinical diagnosis and prognosis and explore the therapeutic function of miR-452 in HCC and help find new therapeutic strategies for HCC treatment.

Materials and Methods {#section2-1533034617735931}
=====================

Clinical Sample Tissues {#section3-1533034617735931}
-----------------------

The HCC tissues (n = 84) were obtained from 84 patients during surgery in the Third Affiliated Hospital of Sun Yat-sen University between January 8, 2014, and January 8, 2016. Matched adjacent tissues were at least 2 cm distance from the borders of tumor location. All tissues were frozen in liquid nitrogen immediately and were stored at below 80°C. No patients had received any adjuvant treatments such as radiotherapy or chemotherapy before surgery. Written informed consent was obtained from each patient, and approval for the study was also obtained from the ethics committee of West China Hospital, Sichuan University.

Cell Lines {#section4-1533034617735931}
----------

Human HCC cell lines including HepG2, Hep3B2.1-7, and Huh-7 as well as normal liver epithelial cells L-02 were purchased from the American Type Culture Collection (ATCC, Manassas, Virginia). All cells were placed in Dulbecco modified Eagle medium (DMED; Thermo Fisher Scientific, Waltham, Massachusetts) which contains 10% fetal bovine serum (FBS; HyClone, Logan, Utah), penicillin (100 U/mL), and streptomycin (100 mg/mL). All were stored at 37°C in a humidified atmosphere containing 5% CO~2~.

RNA Extraction and Quantitative Real-Time Polymerase Chain Reaction {#section5-1533034617735931}
-------------------------------------------------------------------

Total messenger RNAs (mRNAs) of stored human HCC tissues and cells were extracted using TRIZOL (Invitrogen, Carlsbad, California), and reverse-transcribed complementary DNA synthesis was performed with PrimeScript RT reagent kit (TaKaRa, Dalian, China). Quantitative real-time polymerase chain reaction (qRT-PCR) was performed using miSYBR-Green PCR kit (TransGen Biotech, China) following manufacturer's protocol. U6 small nuclear RNA acted as an endogenous control for miR-452-3p normalization and β-actin was used as internal reference for CPEB3 normalization. The relative expression of miR-452-3p and CPEB3 was quantified using method. The primers designed for the study are listed in [Table 1](#table1-1533034617735931){ref-type="table"}.

###### 

Primer Sequences Designed for qRT-PCR.

![](10.1177_1533034617735931-table1)

               Primers                        
  ------------ ------------------------------ -------------------------------
  MiR-452-3p   F                              5′-TGGAATGTAAAGAAGTTAAGTG-3′
  CPEB3        F                              5′-GAAAGGTAAACACTACCCTCCCA-3′
  R            5′-CCAGGAAGGCATTGTTAAGTGC-3′   
  U6           F                              5′-CTCGCTTCGGCAGCACA-3′
  R            5′-AACGCTTCACGAATTTGCGT-3′     
  β-actin      F                              5′-TACCTCATGAAGATCCTCACC-3′
  R            5′-TTTCGTGGATGCCACAGGAC-3′     

Abbreviations: qRT-PCR, quantitative real-time polymerase chain reaction; CPEB3, cytoplasmic polyadenylation element binding protein 3; F, forward primers; R, reverse primers.

Western Blot Analysis {#section6-1533034617735931}
---------------------

After 48 hours of transfection, cells were lysed in ice-cold radioimmunoprecipitation assay (RIPA) buffer (Solaibo, China) for total protein extraction. Concentrations of total protein were detected using BCA Protein Assay kit (Vigorous Bio-technology Beijing Co Ltd, Beijing, China). Proteins were then separated by sodium dodecyl sulfate--polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF) membranes (Bio-Rad, Hercules, California) then blocked for 1 hour with 5% nonfat milk at room temperature and incubated overnight with primary antibodies. The anti-CPEB3, anti-β-actin, anti-p21, anti-EGFR, anti-AKT, and anti-p-AKT antibodies used were purchased from Sigma-Aldrich Co Ltd (St. Louis, Missouri) and diluted at a ratio of 1:1000. After incubation with secondary antibodies (horseradish peroxidase--conjugated anti-IgG, 1:2000 dilution; Zhongshan Biology Company, Beijing), the protein bands were quantified with ImageJ software (National Institutes of Health, Bethesda, Maryland).

Cell Transfection {#section7-1533034617735931}
-----------------

The amplification products of CPEB3 and pcDNA3.1 (Invitrogen) were connected to DNA ligase and amplified to construct a lentivirus vector. Wizard SV 96 Plasmid DNA Purification System (Promega, Madison, Wisconsin) was employed to harvest reconstruction plasmids. When cells (HepG2 and Huh-7) reached 80% confluency, cells were transfected with miR-452 mimic, miR-452-3p inhibitor, or reconstruction plasmids by Lipofectamine 2000 (Invitrogen) in accordance with the manufacturer's guides. All reagents including miR-452-3p mimic, miR-452-3p inhibitor, negative control (NC) mimic (NC for miR-452-3p mimic), and NC inhibitor (NC for miR-452-3p inhibitor) were synthesized and purified by Molbase Co Ltd, Shanghai, China.

Luciferase Reporter Assay {#section8-1533034617735931}
-------------------------

The 3′UTR target clone of psi-CHECKTM-2 was purchased from Promega; it contains renilla luciferase gene as internal control fused downstream to a firefly luciferase gene. The HepG2 cells were co-transfected with wild-type or mutant 3′-UTR sequence of CPEB3 and NC mimic or miR-452-3p mimic by Lipofectamine 2000 (Invitrogen) following manufacturer's protocol. Luciferase activity was measured with Luc-Pair miR Luciferase Assay (GeneCopoeia, Rockville, Maryland).

Microculture Tetrazolium Assay {#section9-1533034617735931}
------------------------------

To test cell viability, cells were seeded in a 96-well plate, digested by trypsin, and suspended at final concentrations of 5 × 10^3^ cells per well. At 24, 48, and 72 hours after transfection, 20 μL of microculture tetrazolium (MTT) reagent (Sigma) was added to each well and they were incubated for 4 hours at 37°C. Next, the medium culture was replaced by 150 μL of molybdoenzyme dimethylsulfoxide (DMSO) reagent (Sigma). The absorbance was tested at a wavelength of 570 nm.

Colony Formation Assay {#section10-1533034617735931}
----------------------

To examine cell proliferation, a total of 8 × 10^3^ cells were suspended in 1.5 mL DMEM supplemented with 10% fetal calf serum (FBS). Cells were then incubated in a humidified atmosphere with 5% CO~2~ at 37°C for nearly 12 days until colonies were obviously visible. Lastly, the colonies were fixed in ethanol, stained with crystal violet, and counted under a Nikon Eclipse TS100 microscope (Nikon, Shinagawa, Japan).

Cell Cycle Distribution and Apoptosis Detection {#section11-1533034617735931}
-----------------------------------------------

To synchronize cell cultures, cells were suspended in a medium with 10% FBS overnight, rinsed with phosphate buffer saline (PBS), and then moved to serum-free medium for 24 hours. To test the cell cycle distribution and apoptosis rate, transfected cells were digested by trypsin, centrifuged at 1500 rpm, suspended at a cell density of 5 × 10^3^ cells/mL, washed twice with PBS, and fixed in iced ethanol for 12 hours. For cell cycle distribution detection, 100 µL of PI (Propidium Iodide) and 100 µL of RNA enzymes were added and the cells were incubated for 30 minutes in a dark room. Population in each phase was, respectively, measured with fluorescence-activated cell sorting (FACS) flow cytometry (BDBiosciences, San Jose, California). For cell apoptosis detection, 5 µL of Annexin V-FITC (Annexin V-fluorescein isothiocyanate) and 5 µL of PI were added and cells were incubated for another 15 minutes. The cell apoptosis was then analyzed by flow cytometry while apoptosis rates were analyzed using Cellquest software (Version 4.0; BD Biosciences, San Jose, California).

Wound Healing Assay {#section12-1533034617735931}
-------------------

To test cell migration, cells were seeded in a 6-well plate at a density of 2 × 10^5^ cells per well and allowed to grow to 80% confluence. Artificial wounds were then scratched using a sterile 200-mL micropipette tip. The scratched cells were washed with serum-free medium 3 times. Cells were subsequently incubated for 12 hours, and the migrated cells distant from the edge of the wounds were observed under an optical microscope (Nikon).

Transwell Assay {#section13-1533034617735931}
---------------

To test cell invasion, cells were lysed with trypsin, and the cell density was adjusted to 1 × 10^5^ cells/mL. The upper chambers were coated with 150 µg of Matrigel (BD Biosciences, Bedford, Massachusetts), and the lower chambers was added with 500 µL of DMEM with 10% FBS. Cells were added into the upper chambers and incubated for 24 hours. Noninvading cells were removed and the invading cells were fixed in methanol, stained by crystal violet, and photographed under an optical microscope (Nikon).

In Vivo Nude Mice Tumorigenesis Assay {#section14-1533034617735931}
-------------------------------------

MiR-452-3p mimic, NC mimic, pcDNA3.1, and pcDNA3.1-CPEB3 transfected HepG2 cells were injected into the back of 4-week-old SCID (Severe Combined Immunodeficiency Disease) nude mice (n = 5 in each group). All mice were allowed to acclimatize to the new environment for 1 week before injection. Tumor volume was carefully measured every 3 days after it became visible according to the following formula: tumor volume (mm^3^) = (length × width^2^)/2.

Kaplan-Meier Survival Analysis {#section15-1533034617735931}
------------------------------

The 120-month follow-up data from 300 patients with HCC were obtained from TCGA databases. Kaplan-Meier survival analysis was performed to investigate the correlation between miR-452-3p and CPEB3 expression levels and the survival of patients with HCC.

Statistical Analysis {#section16-1533034617735931}
--------------------

All data were analyzed with GraphPad Prism 6.0 (GraphPad, San Diego, California), and each experiment was repeated 3 times. Results were presented as mean ± standard deviation. Statistical differences between different groups were either analyzed with 2-tailed Student *t* test or 1-way analysis of variance (ANOVA) if the data met the normal distribution. Otherwise, the Mann-Whitney or Kruskal-Wallis test was used. *P* \< .05 was considered statistically significant.

Results {#section17-1533034617735931}
=======

MiR-452-3p was Upregulated in HCC Sample Tissues and Cell Lines {#section18-1533034617735931}
---------------------------------------------------------------

The miR-452-3p expression in 84 pairs of sample tissues was detected using qRT-PCR. It was observed that miR-452-3p was significantly upregulated in human HCC sample tissues in comparison with adjacent tissues as shown in [Figure 1A](#fig1-1533034617735931){ref-type="fig"} (*P* \< .01). Kaplan-Meier survival analysis was then performed to explore the potential correlation between miR-452-3p expression and overall survival rates in patients using follow-up data from TCGA. The results shown in [Figure 1B](#fig1-1533034617735931){ref-type="fig"} demonstrate that patients with higher miR-452-3p expression were more likely to have a poorer prognosis than those with lower miR-452-3p expression (*P* \< .05). To further verify the result in HCC cells, miR-452-3p expression in normal liver epithelial cell L-02 and HCC cell lines including HepG2, Hep3B2.1-7, and Huh-7 were also measured. Not surprisingly, miR-452-3p was upregulated in HCC cells (P \< .05; [Figure 1C](#fig1-1533034617735931){ref-type="fig"}). The HepG2 and Huh-7 cells were selected for the following experiments.

![The miR-452-3p was significantly upregulated in human HCC sample tissues and cell lines. A, Relative expression level of miR-452-3p in 84 paired HCC tissues and adjacent normal tissues as detected by RT-PCR. \*\**P* \< .01 vs adjacent tissues. B, Prognosis of patients with HCC s in terms of miR-452-3p expression was calculated with Kaplan-Meier survival analysis. C, Relative expression level of miR-452-3p in HCC cell lines and normal liver epithelial cell line was detected by qRT-PCR. \**P* \< .05 vs L-02 group. HCC indicates hepatocellular carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction.](10.1177_1533034617735931-fig1){#fig1-1533034617735931}

The Effect of miR-452-3p on HCC Cell Proliferation {#section19-1533034617735931}
--------------------------------------------------

The HepG2 and Huh-7 cells were transfected with either miR-452-3p mimic or inhibitor in order to increase or decrease the miR-452-3p expression, respectively. The MTT and colony formation assays were performed to estimate HCC cell viability as well as proliferation *in vitro*. As shown in [Figure 2A](#fig2-1533034617735931){ref-type="fig"}, ectopic overexpression of miR-452-3p significantly enhanced cell viability in comparison with the control and NC groups, while inhibition of miR-452-3p reduced cell viability (*P* \< .05). The results were also substantiated in colony formation assay (*P* \< .01; [Figure 2B](#fig2-1533034617735931){ref-type="fig"}). In addition, the simulative effect of miR-452-3p on HCC cell growth was confirmed by tumorigenicity *in vivo*. After 21 days, the tumor volume and the weight of nude mice injected with miR-452-3p mimic transfected cells were much larger than those injected with miR-452-3p NC transfected cells (*P* \< .01; [Figure 2C--E](#fig2-1533034617735931){ref-type="fig"}).

![The miR-452-3p promoted HCC cell proliferation *in vitro* and *in vivo*. A, The results of MTT showed that miR-452-3p mimic significantly promoted HepG2 and Huh-7 cell viability compared with NC group, while miR-452-3p inhibitor significantly suppressed cell viability. NC indicates negative control. \**P* \< .05, \*\**P* \< .01 vs NC mimic group; ^\#\#^ *P* \< .01 vs NC inhibitor group. B, The effect of miR-452-3p on cell growth was further confirmed by colony formation assay. \*\**P* \< .01 vs NC mimic group; ^\#\#^ *P* \< .01 vs NC inhibitor group. C to E, Tumors harvested from the nude mice were statistically analyzed to demonstrate the growth rate of the tumors in different groups. TW/B indicates tumor weight/body weight. \**P* \< .05 vs NC mimic group; \*\**P* \< .01 vs NC mimic group. HCC indicates hepatocellular carcinoma; MTT, microculture tetrazolium.](10.1177_1533034617735931-fig2){#fig2-1533034617735931}

The Effect of miR-452-3p in HCC Cell Cycle and Apoptosis {#section20-1533034617735931}
--------------------------------------------------------

The overexpression of miR-452-3p led to more HCC cells arrested at S and G2/M phases compared with NC group, while inhibition of miR-452-3p led to more HepG2 cells arrested at G0/G1 phase (*P* \< .05; [Figure 3A](#fig3-1533034617735931){ref-type="fig"}). Flow cytometry results for cell apoptosis detection were consistent with other results. We observed that HepG2 and Huh-7 cells transfected with miR-452-3p mimic resulted in a significant decrease in apoptosis rate when compared with the NC group, while transfection of miR-452-3p inhibitor significantly increased cell apoptosis rate (*P* \< .01; [Figure 3B](#fig3-1533034617735931){ref-type="fig"}).

![The effects of miR-452-3p on HCC cell cycle and apoptosis. A, Cell cycle distribution was measured by PI staining and flow cytometry. \**P* \< .05 vs NC mimic; \*\**P* \< .01 vs NC mimic; ^\#^ *P* \< .05 vs NC mimic; ^\#\#^ *P* \< .01 vs NC inhibitor. B, The apoptosis of HepG2 and Huh-7 cells was measured by Annexin V staining and flow cytometry. \**P* \< .05 vs NC mimic; \*\**P* \< .01 vs NC mimic; ^\#^ *P* \< .05 vs NC mimic; ^\#\#^ *P* \< .01 vs NC inhibitor. HCC indicates hepatocellular carcinoma; NC, negative control.](10.1177_1533034617735931-fig3){#fig3-1533034617735931}

The Effect of miR-452-3p on HCC Cell Mobility {#section21-1533034617735931}
---------------------------------------------

Wound healing assay and transwell assay were performed to detect HCC cell migration and invasion, respectively. For migration detection, the cells migrating the wound area increased dramatically in those transfected with miR-452-3p mimic compared with the NC group, whereas the number of migrated cells significantly decreased in those transfected with miR-452-3p inhibitor (*P* \< .05; [Figure 4A](#fig4-1533034617735931){ref-type="fig"}).

![The effects of miR-452-3p on HCC cell mobility. A, B, The results of wound healing assay and transwell assay showed that miR-452-3p mimic significantly promoted HepG2 and Huh-7 cell mobility compared with NC mimic group, while the miR-452-3p inhibitor demonstrated the opposite trend. \**P* \< .05 vs NC mimic; \*\**P* \< .01 vs NC mimic; ^\#^ *P* \< .05 vs NC mimic. HCC indicates hepatocellular carcinoma; NC, negative control.](10.1177_1533034617735931-fig4){#fig4-1533034617735931}

For invasion detection, the number of cells invading through the membrane in miR-452-3p mimic group was more than that in the NC group, whereas the number of cells was relatively fewer in the miR-452-3p inhibitor group (P \< .05; [Figure 4B](#fig4-1533034617735931){ref-type="fig"}).

MiR-452-3p Directly Targeted CPEB3 {#section22-1533034617735931}
----------------------------------

To further detect the target function of miR-452-3p, CPEB3 might be considered a target for miR-452-3p from databases of TargetScan. The potential binding sites of miR-452-3p was complementary to the 3′UTR of CPEB3 mRNA ([Figure 5A](#fig5-1533034617735931){ref-type="fig"}). The luciferase activity was remarkably decreased in cells co-transfected with miR-452-3p mimic and CPEB3-wt (*P* \< .05), while it was rarely changed in those co-transfected with miR-452-3p mimic and CPEB3-mut (*P* \> .05; [Figure 5B](#fig5-1533034617735931){ref-type="fig"}). Western blot was performed to further verify that the overexpression of miR-452-3p inhibited the expression of CPEB3, while the inhibition of miR-452-3p promoted the expression of CPEB3 ([Figure 5C](#fig5-1533034617735931){ref-type="fig"}).

![The CPEB3 is a direct target of miR-452-3p. A, The binding site sequence of miR-452-3p on the 3′UTR was predicted by online database TargetScan. B, Relative luciferase assay results showed that miR-452-3p targeted CPEB3 3′UTR. C, The protein expression of CPEB3 in various groups was detected by Western blot. \**P* \< .05 vs NC mimic. CPEB3 indicates cytoplasmic polyadenylation element binding protein 3; NC, negative control.](10.1177_1533034617735931-fig5){#fig5-1533034617735931}

The Overexpression of CPEB3 Suppressed HCC Cell Proliferation, Mobility, and Induced Cell Apoptosis {#section23-1533034617735931}
---------------------------------------------------------------------------------------------------

The qRT-PCR was used to measure the relative expression of CPEB3 mRNA in 84 pairs of sample tissues and cell lines. Likewise, CPEB3 was downregulated in tumor sample tissues and cell lines compared with adjacent tissues and the normal liver epithelial cell line, respectively (*P* \< .05; [Figure 6A, B](#fig6-1533034617735931){ref-type="fig"}). The results showed that the expression of CPEB3 was negatively correlated with those of miR-452-3p (*R* = −0.476; *P* \< .01; [Figure 6C](#fig6-1533034617735931){ref-type="fig"}). Furthermore, Kaplan-Meier survival analysis revealed that, in general, patients with higher expression of CPEB3 were more likely to have a positive prognosis than those with lower expressions of CPEB3 (*P* \< .05; [Figure 6D](#fig6-1533034617735931){ref-type="fig"}).

![The overexpression of CPEB3 suppressed HCC cell proliferation *in vitro* and *in vivo*. A, B, The results of qRT-PCR showed that CPEB3 was frequently downregulated in human HCC tissues and cell lines. \*\**P* \< .01 vs adjacent tissues; \**P* \< .05 vs normal human epithelial cells (L-02). C, The expression of CPEB3 in tissue samples was negatively correlated with the expression of miR-452-3p. D, The prognosis of HCC patients in terms of CPEB3 expression was calculated with Kaplan-Meier survival analysis. E, The results of MTT assay showed that the overexpression of CPEB3 significantly decreased HepG2 and Huh-7 cell proliferation while the mixed group saw a reduced effect of miR-452-3p on cells compared with the control group. \**P* \< .05 vs control group; \*\**P* \< .01 vs control group. F, The effect of CPEB3 on cell growth was further verified by colony formation assay. \*\**P* \< .01 vs control group. G to I, The tumors harvested from nude mice were statistically analyzed to demonstrate the growth rate of the tumors in different groups. TW/BW indicates tumor weight/body weight. \*\**P* \< .01 vs pcDNA3.1 group. CPEB3 indicates cytoplasmic polyadenylation element binding protein 3; HCC, hepatocellular carcinoma; MTT, microculture tetrazolium.](10.1177_1533034617735931-fig6){#fig6-1533034617735931}

The MTT and colony formation assays suggested that the overexpression of CPEB suppressed HCC cell proliferation significantly (*P* \< .01), while the effects of pcDNA3.1-CPEB3 were antagonized by miR-452-3p mimic (P \> .05; [Figure 6E, F](#fig6-1533034617735931){ref-type="fig"}). Meanwhile, the tumor volume and weight of nude mice injected with pcDNA3.1-CPEB were smaller than those of the control group (P \< .01; [Figure 6G to I](#fig6-1533034617735931){ref-type="fig"}).

In addition, flow cytometry demonstrated that overexpression of CPEB3 induced cell cycle arrest and apoptosis. Transfection of pcDNA3.1-CPEB3 led to more cells arrested at G0/G1 phase (*P* \< .05), while the effects of pcDNA3.1-CPEB3 were antagonized by miR-452-3p mimic (P \> .05; [Figure 7A](#fig7-1533034617735931){ref-type="fig"}). Moreover, CPEB3 overexpression resulted in a significant increase in apoptosis rate (P \< .01; [Figure 7B](#fig7-1533034617735931){ref-type="fig"}). Wound healing assay and transwell assay further demonstrated that the overexpression of CPEB3 suppressed HepG2 and Huh-7 cell migration and invasion (P \< .01; [Figure 8A](#fig8-1533034617735931){ref-type="fig"};P \< .05; [Figure 8B](#fig8-1533034617735931){ref-type="fig"}).

![The overexpression of CPEB3 regulated cell cycle arrest and apoptosis. A, Cell cycle distribution was measured by PI staining and flow cytometry. B, CPEB3-induced HepG2 cell apoptosis. \**P* \< .05 vs control group; \*\**P* \< .01vs control group. CPEB3 indicates cytoplasmic polyadenylation element binding protein 3.](10.1177_1533034617735931-fig7){#fig7-1533034617735931}

![The overexpression of CPEB3 suppressed HepG2 cell mobility. A, B, The results of wound healing assay and transwell assay showed that the overexpression of CPEB3 suppressed HepG2 cell mobility. \**P* \< .05 vs control group; \*\**P* \< .01vs control group. CPEB3 indicates cytoplasmic polyadenylation element binding protein 3.](10.1177_1533034617735931-fig8){#fig8-1533034617735931}

MiR-452-3p Modified the Downstream EGFR Pathway {#section24-1533034617735931}
-----------------------------------------------

To detect the function of miR-452-3p, we further examine the expression of relative proteins in the EGFR pathway. The results in [Figure 9](#fig9-1533034617735931){ref-type="fig"} showed that miR-452-3p promoted EGFR and phosphorylated AKT (pAKT) expression and inhibited p21 expression (*P* \< .01). Meanwhile, the effect of CPEB3 on protein expression was opposite to that of miR-452-3p (*P* \< .01). The simultaneous overexpression of miR-452-3p and CPEB3 resulted in a similar result with the control group (*P* \> .05).

![MiR-452-3p modified the downstream signaling pathway of EGFR. The expressions of CPEB3, p21, EGFR, AKT, pAKT, and β-actin in different groups were detected by Western blot. \*\**P* \< .01 vs NC mimic group; ^\#\#^ *P* \< .01 vs pcDNA3.1 group. CPEB3 indicates cytoplasmic polyadenylation element binding protein 3; EGFR, estimated glomerular filtration rate; NC, negative control.](10.1177_1533034617735931-fig9){#fig9-1533034617735931}

Discussion {#section25-1533034617735931}
==========

The HCC is the most common type of liver cancer, with a high fatality rate worldwide due to late diagnosis and lack of effective therapies.^[@bibr22-1533034617735931]^ Various genetic and epigenetic factors influence the development of liver carcinogenesis,^[@bibr7-1533034617735931]^ and miRNAs may play important roles in the pathogenesis of HCC.^[@bibr8-1533034617735931]^ In our study, qRT-PCR results indicated that levels of miR-452-3p increased dramatically in HCC tissues and cells compared with adjacent tissues and normal liver cells, respectively. This was also consistent with the findings of Wang et al^[@bibr23-1533034617735931]^ and Zheng et al^[@bibr8-1533034617735931]^ As for the effect of miR-452-3p on HCC prognosis, Zheng et al discovered that the patients with HCC with overexpressed miR-452-3p showed poor overall survival rates,^[@bibr24-1533034617735931]^ as was confirmed in our study. The above results suggested that miR-452-3p might play a critical role in HCC as a carcinogenic gene and a biomarker of poor prognosis.

Therefore, our study focused on miR-452-3p's impact on the biological properties of HCC cells. The results revealed that the upregulation of miR-452-3p expression significantly improved the proliferation, invasion, and migration abilities of HCC cells, while downregulation of miR-452-3p weakened these properties. Meanwhile, measurement by flow cytometry indicated that miR-452-3p regulated HCC cell apoptosis and cell cycles. Transfection with miR-452-3p mimic decreased cell apoptosis rates and increased the ratio of cells in S or G2/M stage, while transfection of miR-452-3p inhibitor led to greater apoptosis rates and GO/G1 arrest.

For further exploration, we investigated the potential molecular mechanisms of miR-452-3p in regulating HCC cells. Up to now, some target genes of miR-452-3p have already been identified, such as CDKN1B,^[@bibr8-1533034617735931]^ BMI1,^[@bibr16-1533034617735931]^ and Sox7.^[@bibr24-1533034617735931]^ Based on our bioinformatic analysis, we demonstrated that CPEB3 was 1 of the miR-452-3p target genes in HCC cells. The results of dual luciferase assay and Western blot indicated that miR-452-3p was directly related to the 3′UTR region of CPEB3 and negatively affected its expression, which also indicated that CPEB seemed to be a critical part of the downstream mechanisms of miR-452-3p in the carcinogenesis of HCC.

The CPEB3, a member of CPEB family, plays the role in regulating translation by modulating cytoplasmic polyadenylation.^[@bibr18-1533034617735931]^ It has been found that CPEB3 was aberrantly expressed in sporadic colorectal cancers and human papillomavirus (HPV)-positive cervical cancers.^[@bibr19-1533034617735931],[@bibr20-1533034617735931]^ In our study, we discovered that CPEB3 was significantly downregulated in HCC tissues and cells. As for its regulative functions in the initiation and development of HCC, the results of relevant assays suggested that the overexpression of CPEB3 inhibited HCC cell proliferation, migration, invasion, and apoptosis and led to G0/G1 arrest, which is akin to the impact of downregulated expression of miR-452-3p on HCC cells.

The CPEB3/EGFR axis regulated by miR-452-3p might be involved in HCC pathogenesis. The EGFR family of receptor signaling pathways is closely associated with cancer cell proliferation and survival,^[@bibr25-1533034617735931]^ especially in lung cancer where approximately 10% of patients have a remarkable clinical reaction to EGFR-TKIs.^[@bibr26-1533034617735931]^ Chen-Dan Zou et al demonstrated that CPEB negatively regulated the expressions of EGFR and downstream proteins in neurons.^[@bibr27-1533034617735931]^ Based on these previous findings, we hypothesized that miR-452-3p, a potential HCC promoter, regulated the CPEB3/EGFR signal pathway and affected the protein expression of CPEB3, EGFR, and related downstream proteins. Furthermore, Western blot results indicated that the miR-452-3p induced the downregulation of CPEB3 levels and increased the expression of EGFR, a regulating pivot in HCC.^[@bibr28-1533034617735931]^ In addition, the downstream proteins of CPEB3/EGFR signaling p21 and AKT/pAKT were modulated as expected. The negative effect of miR-452-3p on p21, an important cell cycle checkpoint molecule,^[@bibr29-1533034617735931]^ might be involved in miR-452-3p's regulation of HCC cell cycles. The discovery of miR-452-3p/CPEB3 signaling pathway has provided a new assumption for the pathogenesis of HCC and might be conducive to the development of potential HCC therapeutic strategies.

In summary, miR-452-3p was overexpressed in HCC tissues and cells and was identified as a potential HCC carcinogenic gene. Upregulation of miR-452-3p expression negatively influenced the CPEB3/EGFR axis, leading to the increase in proliferation, invasion, migration, and anti-apoptosis abilities of HCC cells and the decrease in cell arrest in G0/G1. The findings would lay a foundation for a more intensive study of the molecular mechanisms and could help develop more effective and safer HCC therapeutic strategies.
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